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Abstract: Cancer is a dreadful disease; many researchers successfully aimed to find a strategy to 

successfully eliminate cancer with minimal side effects. Herbal medicine allows us to attain sickness 

relief while avoiding side effects. Several herbal compounds have been discovered to have an anti-

cancer effect by inducing apoptosis, antioxidant activity, and inhibiting, activating cancer-causing, and 

suppressing genes and proteins. The existence of active phytochemicals that treat a variety of ailments 

contributes to medicinal plants' pharmacological efficacy. Since commonly used modern chemical 

treatments for cancer possess severe side effects, identifying an alternative treatment with fewer side 

effects and effective illness relief is critical. This review reveals that aromatic phytocompounds account 

for 90 percent of anti-cancer action with most terpenoids and phenolics. Each anti-cancer 

phytocompound works in a distinct way to stop cancer from spreading. Polyherbal formulations are 

more effective than single herbs at expressing anti-cancer and other activities because they can act on 

multiple targets simultaneously, have multiple mechanisms for a single ailment, inhibit disease 

resistance development and enhance treatment activity through synergism. When using synergic herbal 

substances in the right ratio, a polyherbal formulated medicine can be used as a commercial drug 

following successful clinical trials for cancer therapy.  
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1. Introduction 

Cancer is a condition in which aberrant cell proliferation results in tumors that can 

spread to other body parts. It can be caused by genetic changes or environmental influences 

that affect the body's somatic cells. Cancer is the second biggest cause of mortality worldwide 

and is regarded as one of humanity's most deadly diseases [1]. In 2018, 18 million cancer cases 

were reported worldwide, with 9.5 million males and 8.5 million women affected. Cancer 

claimed the lives of 9.6 million people in the same year. Breast cancer, lung cancer, and liver 

cancer are different types. Malignancies of the cell origin include carcinoma, sarcoma, 

leukemia, lymphoma, and myeloma, as well as central nervous system cancer. Breast, lung, 

prostate, non-melanoma skin cancers, stomach, and colorectal cancers are the most prevalent 

cancer kinds among 200. Lung cancer is the most common form in men, and breast cancer is 

the most common in women [2]. 

Exogenous and endogenous factors both contribute to cancer development. Exogenous 

cancer-causing factors in humans included smoking, alcohol consumption, exposure to 
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radiation and pollution, bacterial and viral infections, poor diet, certain medications, and 

carcinogens, whereas endogenous cancer-causing factors included gene or DNA mutations, 

failure of apoptosis and DNA repair mechanisms, hereditary causes, fast cell division, and 

hormone imbalance showed in figure 1 [3, 4]. Tobacco is the leading cause of cancer, 

accounting for 22% of cases. In contrast, poor diet, excessive alcohol consumption, lack of 

physical activity, and exposure to pollutants and radiation account for 10% of cases. Bacterial 

and viral infections such as hepatitis B and C, Epstein – Barr, HIV, human papillomavirus, and 

Helicobacter pylori virus account for 5 – 10 % of cases [2]. Cancer can be avoided by avoiding 

known environmental risks and maintaining good health by increasing physical activity and 

adding more vegetables and fruits to the diet. However, genetic mutations and inheritance are 

unavoidable and can lead to cancer. Cancer can be treated in such circumstances by diagnosing 

the symptoms, but there is no assurance of a cure in the late stages of cancer [5]. Early stages 

of cancer have no apparent symptoms, while later stages can have obvious symptoms. The 

symptoms will differ depending on the type of cancer. Biopsy analysis can be used to 

distinguish cancer from tumors. Once cancer has been detected, urgent action should be taken, 

and conventional treatment is most likely recommended [6].  

 
Figure 1. Etiology of cancer. 

Consistent cough, changes in bowel habits, weight loss, blood excretion, anemia, 

nausea, vomiting, exhaustion, and back, stomach, and bone pain are all cancer and conventional 

treatment signs. Nausea, vomiting, cardiotoxicity, and other adverse effects are common with 

chemotherapeutic breast cancer medications such as doxorubicin, cisplatin, paclitaxel, and 

tamoxifen [7]. Lab tests such as urine, blood, and other body fluids, as well as imaging tests 

such as CT scans, MRIs, nuclear scans, bone scans, pet scans, ultrasounds, X-rays, and biopsy, 

can be used to diagnose a person with cancer symptoms [2]. Surgery, radiation therapy, 
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chemotherapy, immunotherapy, targeted therapy, hormone therapy, stem cell transplants, and 

precision medicine can be used to treat cancer [8]. 

As a result, a new strategy for cancer treatment is desperately needed. The idea of herbal 

medicine replacing conventional commercial treatment is gaining traction because it can 

address financial difficulties and health issues produced by modern treatment. Herbal drugs 

will be less expensive to use, making them more accessible to individuals in rural areas. It has 

fewer adverse effects and enhances a person's mood [9]. A polyherbal composition has the 

potential to have more anti-cancer effects than a single herb. The polyherbal mixture's 

numerous active components operate on cancer cells and other illnesses via multiple methods 

to deliver comprehensive relief. To combat resistance development, it also operates on various 

targets [10]. The extensive cancer information, the negative impacts of conventional treatment, 

the favorable prospects of herbal treatment, phytoconstituents and their cancer targets, 

polyherbal treatment effects, and synergism were reviewed in this paper. The statistics of 

cancer cases and deaths in the main cancer types reported by the World Health Organization 

(WHO) till 2020 are shown in figure 2.  

 
Figure 2. Statistics of cancer cases and deaths according to WHO till 2020. 

2. Modern Medicines Used for the Cancer Treatment 

Cancer is a terrible disease with increasing fatality rates around the world. People 

require better cancer treatment that should be free from dangerous side effects. Cancer 

treatments must kill just cancer cells, not healthy cells. Chemotherapy is the most often utilized 

cancer treatment. It was once thought to target just cancer cells, but it was later discovered that 

it also affects normal healthy cells, resulting in various side effects and, in some cases, death 

[11]. Chemotherapeutic medicines are created to selectively treat tumor-specific cells through 

genotoxicity induced by reactive oxygen species but also affect normal cells. The US Food and 

Drug Administration has approved 132 cancer chemotherapy medicines, 14 derived from 

medicinal plants. According to several research studies, starving or having a low-calorie diet 

lowers the adverse effects of chemotherapy treatment [12]. Alopecia is a typical adverse effect 

of chemotherapy treatment for breast cancer. Cyclophosphamide, doxorubicin, methotrexate, 

docetaxel, epirubicin, 5-fluorouracil (CMF), cisplatin, and paclitaxel are some of the 

chemotherapeutic medications used to treat cancer. Anthracyclines and bleomycin cause 

cardiotoxicity and pulmonary toxicity when used as cancer drugs [3, 4]. These side effects have 
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a negative impact on the cancer patient's quality of life [13]. The two most dreaded side effects 

of chemotherapy medicines are vomiting and nausea. Side effects from chemotherapy 

medications can be minimized by modifying the dose. However, low-dose cancer treatment 

has a lower survival rate. As a result, cancer treatment should be improved to make it more 

curable with fewer side effects and a lower risk of death [14]. A combination of 

chemotherapeutic medicines and bioactive substances from medicinal plants may have anti-

cancer action while causing fewer side effects [15]. Nano-medicine, extracellular vesicles, 

natural antioxidants, targeted immunotherapy, and gene therapy using active phytoconstituents 

from medicinal plants were among the cutting-edge cancer treatments that were also utilized 

to identify the disease [16]. 

3. Medicinal Plants as a Potential Source of Natural Medicine 

Traditional Chinese, Indian, and African practices are the most well-known traditional 

systems. Animal observation assisted Rigveda in distinguishing medicinal and food plants from 

toxic species. By instinct, wild animals have been shown to eat specific therapeutic plants to 

heal specific illnesses [17, 18]. Among 2,50,000 plant species, 80,000 were found to have 

therapeutic properties, and around 21,000 had the potential to be exploited as medicinal plants, 

according to the WHO. However, several plants were found to be mistaken as medicinal plants. 

About 8000 herbal treatments were organized by Ayurveda. There are numerous accounts of 

medicinal plant species and their possible pharmacological characteristics in the Rigveda (67 

records), Yajurveda (81), Atharvaveda (290), Charak Samhita (1100), and Sushrut Samhita 

(1270) [18]. According to the WHO, 75–80 percent of the population relies on medicinal plants 

for disease prevention and treatment [19]. Medicinal plants are used to make about 11% of the 

252 approved medications [20]. Phytochemicals contained in medicinal plants have good 

therapeutic capabilities. In modern medicine, some bioactive chemicals derived from medicinal 

plants are used. Rauwolfia serpentina active substances, for example, have been successfully 

utilized to treat high blood pressure. Compounds from herbal plants such as artemisinin and 

chloroquine have been reported to have antimalarial action [18, 21]. Since ancient times unique 

biocompounds derived from medicinal plants have been employed to cure specific illnesses. 

Antispasmodics such as atropine, tropane alkaloids, and scopolamine derived from solanaceous 

plants were utilized. Cromolyn is a synthetic derivative of Ammi visnaga's khellin (chromone) 

seeds were used to treat allergies and bronchial asthma. Quinine was extracted from the bark 

of Cinchona officinalis and used to cure malaria. Tubocurarine is a neuromuscular blocker 

derived from Chondrodendron tomentosum and Curarea toxicofera [22]. Plumbago zeylanica 

extract, which contains alkaloids, flavonoids, phenolics, tannins, saponins, glycosides, and 

steroids, exhibited potential anticandidal action [23]. In a survey done in Sri Lanka's Gampaha 

District, Coriandrum sativum was discovered to have effective anti-inflammatory properties 

[24]. As a result of ethnopharmacological research, viable therapeutic medications can be 

created from herbal plants with fewer negative effects. These treatments can be replaced with 

more expensive modern medicines at a lower cost for village people [25]. 

4. Effects of Herbal Medicines in the Treatment of Cancer 

Herbal medications are well-known treatments for a variety of ailments. Thus, their 

efficacy in cancer treatment should be investigated. About 3–25% of cancer patients were 

found to utilize herbal medications to help them cope with the adverse effects of chemo or 
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radiation therapy, prevent sadness and anxiety, and participate actively in the disease's recovery 

[26]. Herbal medicine increases your thoughts with good energy while also enhancing your 

body for self-healing. Body, mind, and spirit all play a role in recovery. Herbal treatments assist 

in harmonizing these three aspects of a person's personality. Herbal treatments, on the other 

hand, have fewer side effects. It may interact with prescribed medications or modern treatment, 

lowering treatment efficacy and increasing the risk of unwanted side effects. Due to a paucity 

of scientific data on certain herbal medicines' efficiency in various types of cancer, herbal 

medicines' efficacy is questioned. As a result, certain herbal treatment's efficacy and side 

effects should be investigated [27]. It should be thoroughly tested and can be utilized for a 

variety of purposes. Because factors like the stage of the disease, the type of cancer, the 

duration of the condition, and the type of plant can influence the harmful effects of herbal 

medications. The potential efficacy of medicine on various cancers at specific stages should be 

tested using herbal materials and products. Herbal medicines were shown to be used by most 

breast cancer patients compared to other cancer patients [26, 28]. The goal of herbal medicine 

as an alternative treatment is to target cancer cells that can be discovered through clinical trials. 

As a result, clinical trials, including these herbal medications, should be conducted to provide 

an effective and economical alternative drug for cancer patients. These drugs can not only treat 

cancer but also prevent it from developing by arresting the cell cycle, inducing apoptosis, 

regulating carcinogen metabolism and oncogenic expression, inhibiting cancer cell attachment, 

proliferation, transfer, and blocking signaling pathways that are required for cancer 

development. Curcumin, vinblastine, quercetin, vincristine, and resveratrol are plant-derived 

chemicals with anti-cancer properties [6]. Tibetian medicinal plants Rhodiola kirilowii, 

Phyllanthus emblica and Cordyceps sinensis, as well as their active components gallic acid, 

salidroside, and cordycepin, have anti-cancer properties via boosting the apoptotic signaling 

pathway [29]. Herbs can be used to treat or prevent cancer through immunomodulation and 

chemoprevention. The immune system was boosted by Ganoderma lucidum, Poria cocos,  

Taraxucum mongolicum, Atractylodes macrocephala, Sophora flavescens, Panax ginseng, 

Ligustici wallichii, Astragalus membranaceus, Rehmannia glutinosa, Paeonia lactiflora, and 

Angelica sinensis. Curcuma longa, Amoora rohituka, Cephalotaxus harringtonia, and 

Tabebuia avellanedae have been shown to suppress cancer cell proliferation by inhibiting 

cancer cell development pathways [30]. As a result, with adequate data, these herbal remedies 

can assist cancer patients in fighting the disease and preventing it from recurring. It promotes 

survival, quality of life, immunological modulation, and positive energy balance in the body, 

mind, and spirit [31]. 

5. Phytoconstituents from Medicinal Plants Used for Cancer Treatment 

Plants create phytoconstituents as part of their development and defensive mechanisms. 

The active chemicals in medicinal plants treat various illnesses and boost human health. From 

1940 to 2014, medicinal plants were responsible for over half of all approved anti-cancer drugs. 

As a result, various phytoconstituents from plants were examined for anti-cancer properties. A 

database (table 1) was created that included a list of phytoconstituents, their sources, and their 

cancer-type targets [32]. 

Table 1. Phytochemicals from plant sources against certain types of cancer. 

S.No. Phytochemicals Plant source Family Type of cancer Ref. 

1.  5-Fluorouracil Withania 

somnifera  

Solanaceae Cervical cancer [33] 
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S.No. Phytochemicals Plant source Family Type of cancer Ref. 

2.  6-Shogaol Zingiber 

officinale 

Zingiberaceae Ovary cancer [34] 

3.  Acetoxy chavicol 

acetate 

Alpinia 

galangal  

Zingiberaceae Digestive system, lung, 

leukemia, prostate, and 

breast cancer 

[35] 

4.  Actein Actaea 

racemosa 

Ranunculaceae Liver and breast cancer [36] 

5.  Allicin Allium 

sativum 

Alliaceae Bladder and Colon cancer [37] 

6.  Allin Allium 

sativum 

Alliaceae Mammary tumor [38] 

7.  Allylmercaptocysteine Allium 

sativum 

Alliaceae Bladder and Colon cancer [37] 

8.  Aloe emodin 

 
 

 

Aloe vera 

 
  

Asphodelaceae 

 
 

Leukemia, stomach 

cancer, and 

neuroectodermal tumors 

[39] 

 
 

9.  Aloesin Aloe vera Asphodelaceae Leukemia, stomach 

cancer, and 

neuroectodermal tumors 

[39] 

10.  Amooranin Amoora 

rohituka  

Meliaceae Lymphocytic leukemia, 

breast, pancreatic and 

cervical cancer 

[40] 

11.  Andrographolide Andrographis 

paniculata  

Acanthaceae Leukemia, colon, breast, 

stomach, ovary, kidney, 

prostate, and nasopharynx 

malignant melanoma 

[41] 

12.  Apigenin Matricaria 

chamomilla 

Asteraceae Colorectal cancer [42] 

13.  Arnebin - 1 Arnebia 

nobilis 

Boraginaceae Rat walker 

carcinosarcoma 

[43] 

14.  Artemisetin Artemisia 

absinthium, 

Artemisia 

argyi 

Asteraceae Colon & skin cancer [44] 

15.  Artemisinin Artemisia 

annua, 

Artemisia 

absinthium 

Asteraceae Liver, pancreatic, and 

breast cancer 

[45, 

46] 

16.  Artesunate Artemisia 

absinthium 

Asteraceae Ovarian, chronic myeloid 

leukemia, and cervical 

cancer 

[47] 

17.  Ashwagandhanolide Withania 

somnifera 

Solanaceae Central nervous system, 

breast, colon, stomach, 

and lung cancer 

[33] 

18.  Asiatic acid Centella 

asiatica  

Apiaceae Glioblastoma, skin and 

breast cancer 

[48] 

19.  Bavachin Psoralea 

corylifolia  

Fabaceae Osteosarcoma, 

fibrosarcoma, leukemia, 

liver, and lung cancer 

[49] 

20.  Berberine Berberis 

vulgaris 

Berberidaceae Leukemia, prostate, 

breast, and liver cancer 

[50] 

21.  Betulinic acid Betula utilis, 

Ziziphus 

rugosa, 

Betula Sp. 

Betulaceae, 

Rhamnaceae 

Leukemia, skin cancer, 

and human melanoma 

xenografts 

[51-

53] 

22.  Boswellic acid Boswellia 

serrata  

Burseraceae Prostate cancer [54] 

23.  Bryophyllin A Bryophyllum 

pinnatum 

Crassulaceae Cervical cancer [55] 
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S.No. Phytochemicals Plant source Family Type of cancer Ref. 

24.  Bullatacin Annona 

squamosa 

Annonaceae Liver cancer [56] 

25.  Cabazitaxel Taxus baccata Taxaceae Prostate cancer [57] 

26.  Calcaelin Calvatia 

caelata 

Agaricaceae Spleen and breast cancer [58] 

27.  Cannabinoid Cannabis 

sativa 

Cannabaceae Colorectal, lung, prostate, 

pancreas, and breast 

cancer 

[59] 

28.  Cannabisin-G Berberis 

vulgaris 

Berberidaceae Leukemia, prostate, 

breast, and liver cancer 

[50] 

29.  Chlorogenic acid Artemisia 

absinthium 

Asteraceae Tongue, large intestine, 

and liver cancer 

[60] 

30.  Chrysin Passiflora 

caerulea 

Passifloraceae Colorectal cancer [61] 

31.  Colchicine Colchicum 

autumnale 

Colchicaceae Solid tumors, Hodgkin's 

lymphoma, and chronic 

granulocytic leukemia 

[62] 

32.  Combretastatins Combretum 

caffrum 

Combretaceae Lung, leukemia, and 

colon cancer 

[63] 

33.  Corylin Psoralea 

corylifolia  

Fabaceae Osteosarcoma, 

fibrosarcoma, leukemia, 

liver, and lung cancer 

[49] 

34.  Costunolide Saussurea 

lappa  

Asteraceae Malignant lymphoma, 

leukemia, and intestinal 

cancer 

[64] 

35.  Curcumin Curcuma 

longa  

Zingiberaceae Breast, skin, esophagus, 

colon, liver, prostate, 

stomach, and lung cancer 

[65, 

66] 

36.  Cyanidin glycosides Vitis vinifera Vitaceae Colon cancer [67] 

37.  Cynaropicrin Saussurea 

lappa  

Asteraceae Malignant lymphoma, 

leukemia, and intestinal 

cancer 

[64] 

38.  Daidzein Glycine max Fabaceae Colon, oral cavity, larynx, 

pancreas, liver, breast, 

kidney, thyroid, cervix, 

stomach, prostate, uterus, 

urinary bladder, testis, 

and lung cancer 

[68] 

39.  Damnacanthal Morinda 

citrifolia  

Rubiaceae Sarcomas and lung cancer [69] 

40.  Digallic acid Viscum album Santalaceae Lung, stomach, ovary, 

rectum, melanoma, 

kidney, cervix, urinary 

bladder, fibrosarcoma, 

breast, testis, and colon 

cancer 

[70] 

41.  Emblicanin A & B Emblica 

officinalis 

Euphorbiaceae Breast, malignant ascites, 

uterus, stomach, pancreas, 

and liver cancer 

[71] 

42.  Eugenol Ocimum 

sanctum, 

Syzygiumaro

maticum 

Lamiaceae, 

Myrtaceae 

Fibrosarcoma, breast, 

skin, and liver cancer 

[72, 

73] 

43.  Galangin Alpinia 

galangal  

Zingiberaceae Digestive system, lung, 

leukemia, prostate, and 

breast cancer 

[35] 

44.  Gallic acid Leea indica  Vitaceae Ehrlich ascites carcinoma [74] 
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S.No. Phytochemicals Plant source Family Type of cancer Ref. 

45.  Genistein Glycine max Fabaceae Colon, oral cavity, larynx, 

pancreas, liver, breast, 

kidney, thyroid, cervix, 

stomach, prostate, uterus, 

urinary bladder, testis, 

and lung cancer 

[68] 

46.  Gingerol Zingiber 

officinale 

Zingiberaceae Urinary bladder, 

neuroblastoma, oral 

cavity, leukemia, liver, 

colon, ovary, rectum, and 

cervix cancer 

[75] 

47.  Ginkgetin Ginkgo biloba Ginkgoaceae Hepatocarcinoma, 

glioblastoma multiforme, 

liver, ovary, prostate, and 

colon cancer 

[76] 

48.  Ginkgolide A & B Ginkgo biloba Ginkgoaceae Hepatocarcinoma, 

glioblastoma multiforme, 

liver, ovary, prostate, and 

colon cancer 

[76] 

49.  Glycyrrhizin Glycyrrhiza 

glabra 

Fabaceae Fibrosarcomas and lung 

cancer 

[77] 

50.  Gossypol Gossypium 

hirsutum 

Malvaceae Malignant lymphoma and 

myeloma, colorectal, 

leukemia, adrenal gland, 

urinary bladder, 

esophagus,  liver, breast, 

brain, bladder, prostate, 

pancreas, colon, and 

stomach cancer 

[78, 

79] 

51.  Harmine Peganum 

harmala 

Zygophyllacea

e 

Breast cancer [80] 

52.  Isoliquiritigenin Glycyrrhiza 

uralensis 

Fabaceae Lung cancer [81] 

53.  Kaempferol Bauhinia 

variegata  

Fabaceae Malignant ascites, liver, 

larynx, lung, oral cavity, 

and breast cancer 

[82] 

54.  Larotaxel Taxus baccata Taxaceae Breast, pancreatic, and 

bladder cancer 

[83] 

55.  Lentinan Lentinus 

edodes 

Marasmiaceae Sarcoma-180 in mice [84] 

56.  Licoagrochalcone Glycyrrhiza 

glabra 

Fabaceae Leukemia, liver, lung, 

kidney, prostate, stomach, 

breast, and colon cancer 

[85] 

57.  Licochalcone A Glycyrrhiza 

glabra 

Fabaceae Leukemia, liver, lung, 

kidney, prostate, stomach, 

breast, and colon cancer 

[85] 

58.  Lupeol Aegle 

marmelos 

Rutaceae Lymphoma, leukemia, 

melanoma, and breast 

cancer 

[86] 

59.  Luteolin Capsicum 

annuum 

Solanaceae Colorectal cancer [87] 

60.  Lycopene Solanum 

lycopersicum 

Solanaceae Colon and prostate cancer [88] 

61.  Mokkolactone Saussurea 

lappa  

Asteraceae Malignant lymphoma, 

leukemia, and intestinal 

cancer 

[64] 

62.  Neferine Nelumbo 

nucifera  

Nelumbonacea

e 

Liver cancer [89] 
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S.No. Phytochemicals Plant source Family Type of cancer Ref. 

63.  Nimbolide Azadirachta 

indica  

Meliaceae Lymphoma, leukemia, 

melanoma, prostate, and 

colon cancer 

[90] 

64.  Oleanolic acid Prunella 

vulgaris 

Lamiaceae Leukemia, lung, stomach, 

oral cavity, malignant 

lymphoma, cervix, 

esophagus, thyroid, 

breast, intracranial 

tumors, and colon cancer 

[91] 

65.  Orientin Ocimum 

sanctum  

Lamiaceae Fibrosarcoma, breast and 

liver cancer 

[72] 

66.  Paclitaxel Taxus 

brevifolia 

Taxaceae Breast and ovarian cancer [53] 

67.  Panaxadiol Panax 

ginseng 

Araliaceae Colon, ovary, prostate, 

lung, carcinoma, 

malignant lymphoma, 

leukemia, melanoma, 

renal cell, and breast 

cancer 

[92] 

68.  Panaxatriol Panax 

ginseng 

Araliaceae Colon, ovary, prostate, 

lung, carcinoma, 

malignant lymphoma, 

leukemia, melanoma, 

renal cell, and breast 

cancer 

[92] 

69.  Penta-O-galloyl-β-d-

glucose 

Juglans nigra Juglandaceae Lung cancer [93] 

70.  Pinocembrine Alpinia 

galangal  

Zingiberaceae Digestive system, lung, 

leukemia, prostate, and 

breast cancer 

[35] 

71.  Plumbagin Plumbago 

zeylanica 

Plumbaginace

ae 

Fibrosarcoma, malignant 

ascites, leukemia, breast, 

skin, and liver cancer 

[94, 

95] 

72.  Podophyllin Podophyllum 

hexandrum  

Berberidaceae Brain, breast, lung, ovary, 

neuroblastoma, urinary 

bladder, testis, hodgkin’s, 

and liver cancer 

[96] 

73.  Podophyllotoxin Podophyllum 

peltatum and 

Podophyllum 

hexandrum  

Berberidaceae Non-small-cell lung 

cancer, brain, breast, lung, 

ovary, neuroblastoma, 

urinary bladder, testis, 

hodgkin’s, and liver 

cancer 

[96, 

97] 

74.  Procyanidin Vitis vinifera Vitaceae Colon cancer [98] 

75.  Psoralen Psoralea 

corylifolia  

Fabaceae Osteosarcoma, 

fibrosarcoma, leukemia, 

liver, and lung cancer 

[49] 

76.  Psoralidin Psoralea 

corylifolia  

Fabaceae Stomach and prostate 

cancer 

[99] 

77.  Punarnavine Boerrhavia 

diffusa  

Nyctaginaceae Skin cancer [100] 

78.  Quercetin 3-β-d-

glucoside 

Juglansnigra Juglandaceae Lung cancer [93] 

79.  Resveratrol Polygonum 

cuspidatum 

Polygonaceae Colorectal, liver, and skin 

cancer 

[101] 

80.  Rosmarinic acid Mentha 

piperita 

Lamiaceae Breast and skin cancer  [102] 

81.  Schizophyllan Schizophyllum 

commune 

Schizophyllace

ae 

Neck and head cancer [103] 
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S.No. Phytochemicals Plant source Family Type of cancer Ref. 

82.  Silibinin Sylibum 

marianum 

Asteraceae Prostate, skin, colon, 

liver, and lung cancer 

[104] 

83.  Silymarin Sylibum 

marianum 

Asteraceae Colorectal and colon 

cancer 

[105, 

106] 

84.  Skimmianine Aegle 

marmelos 

Rutaceae Liver cancer [107] 

85.  Solamargine Solanum 

nigrum 

Solanaceae Liver, skin, lung, and 

breast cancer 

[108] 

86.  Solasonine Solanum 

nigrum 

Solanaceae Liver, skin, lung, and 

breast cancer 

[108] 

87.  Theabrownin Camellia 

sinensis 

Theaceae Lung cancer [109] 

88.  Thymoquinone Nigella sativa Ranunculaceae Colon, malignant 

lymphoma, breast, 

melanoma, pancreas, 

leukemia, uterus, ascites, 

and prostate cancer 

[110] 

89.  Tylophorine Tylophora 

indica  

Apocynaceae Breast cancer [63] 

90.  Ursolic acid Oldenlandia 

diffusa, 

Prunella 

vulgaris 

Rubiaceae, 

Lamiaceae 

Rectum, leukemia, lung, 

ovary, stomach, oral 

cavity, uterus, liver, 

malignant lymphoma, 

cervix, esophagus, brain, 

thyroid, breast, 

intracranial tumors, and 

colon cancer 

[91] 

91.  Vicenin Ocimum 

sanctum  

Lamiaceae Fibrosarcoma, breast and 

liver cancer 

[72] 

92.  Vinblastine Catharanthus 

roseus 

Apocynaceae Ovary, cervix, hodgkin's, 

rhabdomyosarcoma, liver, 

malignant lymphoma, 

leukemia, neuroblastoma, 

colon, testis, rectum, and 

breast cancer 

[53, 

111] 

93.  Vincristine Catharanthus 

roseus 

Apocynaceae Ovary, cervix, hodgkin's, 

rhabdomyosarcoma, liver, 

malignant lymphoma, 

leukemia, neuroblastoma, 

colon, testis, rectum, and 

breast cancer 

[53, 

111] 

94.  Vindesine Catharanthus 

roseus 

Apocynaceae Breast, leukemias, lung, 

and testicular cancer 

[53] 

95.  Withaferin A, D Withania 

somnifera 

Solanaceae Breast, nasopharynx, 

colon, larynx, malignant 

melanoma, prostate, and 

cervix cancer 

[112] 

96.  Xanthatin Xanthium 

strumarium 

Asteraceae Lymphocytic leukemia 

and liver cancer 

[43] 

Artemisia absinthium is a well-known plant for the antimalarial activity that belongs to 

the Asteraceae family and contains artemisinin, artemisetin, artesunate, and chlorogenic acid, 

all of which have been shown to have anti-cancer activity against the colon, skin, ovary, 

cervical, tongue, large intestine, pancreas, breast and liver cancer. Other Artemisia species have 

anti-cancer properties as well [44 - 47, 60]. Psoralea corylifolia belongs to the Fabaceae family 

and contains psoralen, psoralidin, bavachin, and corylin, which have anti-cancer characteristics 
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through inducing apoptosis in osteosarcoma, fibrosarcoma, leukemia, liver, prostate, stomach 

and lung cancer [49, 99]. Withania somnifera is a plant used in different Indian medicinal 

compositions to treat a variety of ailments. W. somnifera is a member of the Solanaceae family 

which includes anti-cancer medicinal herbs. Withania somnifera's withaferin A possesses 

significant anti-cancer properties, including antioxidant, anti-inflammatory, antiproliferative, 

and apoptotic induction. 5-Fluorouracil and ashwagandhanolide both derived from W. 

somnifera have anti-cancer properties [33, 112]. Alpinia galangal belongs to the Zingiberaceae 

plant and contains anti-cancer phytocompounds such as acetoxy chavicol acetate, galangin, and 

pinocembrin. Galangin has been discovered to suppress colon cancer cell proliferation and to 

stop the cell cycle in the G2/M or G1 phase [35]. 

Phytocompounds from Allium sativum include allicin, allin, and allyl-mercaptocysteine 

(Alliaceae), which show anti-cancer activity. Allicin and allylmercaptocysteine have been 

shown to suppress bladder and colon cancer, whereas allin has been shown to be beneficial 

against mammary tumors [37, 38]. The anti-cancer activity was discovered in active 

phytocompounds from the Saussurea lappa, Asteraceae family by arresting the cancer cell 

cycle, inducing apoptosis and differentiation, enhancing microtubule protein aggregation, 

multidrug resistance reversion, inhibition of telomerase, metastasis, invasion, and angiogenesis 

in various cancer types [64]. 

Ocimum sanctum, a well-known Lamiaceae medicinal herb, contains anti-cancer 

chemicals such as eugenol, orientin, and vicenin. Eugenol is an anti-cancer phytocompound 

that can be found in a variety of plants, including Syzygium aromaticum and Piper betle [72, 

73]. The anti-cancer phytocompounds glycyrrhizin, licoagrochalcone, and licochalcone A are 

found in Glycyrrhiza glabra of the Fabaceae family. Glycyrrhizin inhibits lung cancer cell lines 

by inducing apoptosis, whereas licochalcone A inhibits bladder carcinoma by reducing cancer 

cell growth [77, 85]. 

Catharanthus roseus, a well-known plant for anti-cancer chemicals, is a member of the 

Apocynaceae family. Vinblastine, vincristine, and vindesine are three vinca alkaloids found in 

Catharanthus roseus that have anti-cancer properties [53, 111]. Zingiber officinale, Aloe vera, 

Berberis vulgaris, Taxus baccata, Vitis vinifera, Glycine max, Ginkgo biloba, Aeglemarmelos, 

Prunella vulgaris, Panax ginseng, Podophyllum hexandrum, Sylibum marianum, Solanum 

nigrum, and Juglans nigra all contain two anti-cancer phytoconstituents against numerous 

cancers. According to estimates, 90% of anti-cancer chemicals are aromatic in nature. The 

Asteraceae and Fabaceae families had the most anti-cancer chemicals, followed by the 

Solanaceae, Zingiberaceae, and Berberidaceae groups. Artemisia absinthium and Psoralea 

corylifolia, Withania somnifera, Alpinia galangal, Allium sativum, Saussurea lappa, Ocimum 

sanctum, Glycyrrhiza glabra, and Catharanthus roseus all have more than three possible anti-

cancer compounds. Anti-cancer phytoconstituents from medicinal plants act on cancer cells 

through a variety of methods. 

6. Anticancer Mechanism of Phytoconstituents 

The phytochemicals act on cancer cells by the following mechanisms, target rapidly 

dividing abnormal cells and molecular factors; express antioxidant activity; inhibit cancerous 

cell growth by implementing enzymes, proteins, and signaling pathways; activate DNA repair 

genes and protein products; stimulate protective enzyme formation; modifies cell growth 

factors and hinders cancer angiogenesis. Polyphenols like resveratrol and gallocatechin, 

brassinosteroids like homocatasterone and epibrassinolide, flavonoids like methoxy 
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licoflavanone, and alpinumisoflavone have anti-cancer properties by triggering apoptosis in 

cancer cells. Coumarin, curcumin, β-carotene, thymol, quercetin, gingerol, rosmarinic acid, 

epigallocatechin gallate, rutin, and allicin are antioxidants that have anti-cancer properties. 

Topoisomerase, Bcl-2, CDK2 & 4 kinases, and cytokines are some enzymes, proteins, and 

signaling pathways that help the growth of cancer cells. p21, p27, p51, and p53 are DNA repair 

pathways activating genes, while Bax and Bak are protein products. Caspases 3, 7, 8, 9, 10, 

and 12 are protective enzymes that initiate and prevent malignant growth [32, 114, 115]. 

Apigenin causes apoptosis in lung cancer cells by targeting the leptin or leptin receptor 

pathway. Extrinsic apoptosis in HER-2 (Human Epidermal Growth Factor Receptor 2) 

overexpressing breast cancer cells can be induced by inhibiting STAT3 (Signal Transducer and 

Activator of Transcription 3) signaling [116]. 

By blocking or stimulating various molecular targets, the polyphenol Curcuma from 

Curcuma longa can slow the growth of human glioblastoma cells. It increases the Egr-1 (Early 

Growth Response Protein 1), JNK (c-Jun- N-terminal kinase), Bax (Bcl-2 Associated X 

Protein), expression of p16, p21, p53, Erk (Extracellular Signal Regulated Kinase), Caspase-3, 

8, 9, and Elk-1 and inhibits the levels of Bcl-2, Bcl-xL (B Cell Lymphoma Extra-Large 

Protein), c-myc (Cellular Myelocytomatosis Oncogenes), EGFR (Epidermal Growth Factor 

Receptor), Cyclin D1 Proteins, mTOR (Mechanistic Target of Rapamycin), Protein Kinase B, 

p65, pRB (Retinoblastoma Protein), cdc-2 (Cell Division Cycle Protein 2) and NF-kB [65]. 

The phytocompound cyanidin glycosides suppress colon cancer cells by blocking 

mitogen-triggered metabolic pathways and downregulating the expression levels of iNOS 

(Inducible Nitric Oxide Synthase) and COX-2 (Cyclooxygenase-2). It targets EGFR in vulva 

cells by blocking and preventing the spread of ErbB2/cSrc/FAK pathways in breast cancer cells 

[117, 118]. By blocking the NF-kB and Protein Kinase B signaling pathways, the isoflavone 

and genistein have anti-cancer properties [68]. 

Gingerol from Zingiber officinale causes apoptosis (Caspase dependent) in colon 

cancer cells by targeting the Erk1/2/JNK/AP-1 signaling pathway [119]. Kaempferol inhibits 

cancer cell growth and spread by targeting the Src (Proto-oncogene Tyrosine Protein Kinase), 

Erk1/2, and Protein Kinase B pathways in pancreatic cancer cells [120]. Lycopene, a 

phytocompound, prevents stomach oncogenesis by targeting the PI3K/Protein Kinase B 

pathway and inhibiting the Erk and Bcl-2 signaling pathways. It also activates antioxidant 

enzymes, including GPx, GST, and GSH in aberrant cancer cells removing oxidative stress 

caused by the disease [121]. 

Colchicine inhibits gastric carcinogenesis by upregulating AKAP12 (A-kinase 

anchoring protein 12) and TGF-b2 (Transforming Growth Factor Beta-2) proteins and liver 

cancer by upregulating DUSP1 (Dual Specificity Phosphatase 1) gene [122, 123]. 

Podophyllotoxin suppresses breast cancer cell development via the Chk-2 (Checkpoint Kinase 

2) signaling pathway as well as lung cancer cells (non-small cell lung cancer) via cell cycle 

arrest, ER stress, and autophagy [97, 124]. 

Vinblastine has anti-cancer properties because it inhibits the AP-1 (Activator Protein 

1) signaling pathway [125]. Resveratrol inhibits oncogenesis by downregulating AP-1, MMPs, 

COX-2, NF-kB, HIF-1 (Hypoxia Induced Factor 1), CDKs (Cyclin Dependent Kinases), 

cytokines, cyclins, and Bcl-2 proteins while upregulating p53 expression and Bax (Bcl-2 

Associated X Protein) proteins [126]. 

Some phytomolecules, such as artemisinin were discovered to target four signaling 

pathways that inhibit cell death. As a result, disrupting these pathways causes cancer cells to 
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die. It inhibits cancer cell growth by targeting 17 proteins: 4 proteins (CD28, CD4, CD8A, 

CTLA4) in the T cell receptor signaling pathway, 1 protein (TLR4) in the Toll-like signaling 

pathway, 12 proteins (TLR4, EPOR, KDR, PDGFR, IL2R, EGFR, ITGAV, KIT, MET, IGFIR, 

NGFR, IL4R) in the PI3K-Akt signaling pathway and 1 protein (TGFBR1) in the TGF-beta 

signaling pathway. It targets the TCR signaling route, which impacts cancer cell immunity; the 

Toll-like signaling pathway, which influences the immune system and promotes apoptosis and 

the PI3K-Akt signaling pathway, which induces apoptosis and arrests the cancer cell cycle. 

Furthermore, it causes the generation of reactive oxygen species, which causes oxidative DNA 

damage, inhibiting angiogenesis, causing apoptosis, and arresting the cell cycle at the G0/G1 

or G2 stage. As a result, phytomolecules were discovered to target cancer cells through several 

methods, as shown in Figure 3 [127].  

 
Figure 3. Multiple targets of phytomolecules on cancer cell growth suppression. 

As a result, a specific molecule can react with cancer cells via a targeted mechanism. 

When a group of phytocompounds with various anti-cancer mechanisms may target cancer via 

numerous inhibitory mechanisms, herbal medicines' anti-cancer effectiveness is improved. 

7. Effects of Polyherbal Formulation in the Treatment of Cancer 

According to the World Health Organization, nearly 80% of the world's population uses 

herbal remedies to treat various disorders. There are around 45,000 plant species in India. 

Medicinal plants accounted for 15,000 of the plant species, with 7000–7500 species being 

utilized to treat various ailments. Ayurveda was once known as the "Mother of All Healing." 

There are two approaches to herbal treatment: single herb preparation and polyherbal 

formulation [128]. The polyherbal formulation combines two or more plant extracts or herbs 

with appropriate formulation processes. To achieve the required therapeutic activity, the 

ayurvedic literature "Saranghar Samhita" emphasizes the value of polyherbal formulations 
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above individual herbs for illness therapy. Individual herb active chemicals are insufficient to 

provide necessary pharmacological activity. As a result, combining some therapeutic plants in 

the right proportions can have the desired activity while reducing toxicity [129, 130]. The 

combination of black pepper, long pepper, and ginger decreases heat and mucus. Similarly, a 

mixture of black pepper, cumin, and asafoetida lowers bloating due to poor digestion [128]. To 

achieve the best results, herbalists choose polyherbal formulations over individual herbs. The 

polyherbal compositions demonstrate great efficacy at safe, high doses. They also have positive 

interaction effects such as mutual aid, antagonism, restraint, and enhancement. The safety and 

efficacy of polyherbal formulations have been demonstrated in the Unani medicinal system. 

Even if the individual herbs are the same, the effectiveness of polyherbal treatment may not be 

attained with a single herb due to the therapeutic plants' synergism. The polyherbal's numerous 

active phytochemicals work together to exhibit a more potent mechanism than individual plant 

components. The numerous chemicals can simultaneously attack multiple disorders and deliver 

a comprehensive solution. It not only tackles a variety of concerns, but it also works in a variety 

of methods to heal an illness. However, the mixing may lead the compounds to become 

unstable. Scientific evaluation is still required to discover the best plant mixtures for highly 

effective activity [5, 131]. Many studies have shown that polyherbal mixtures have anti-cancer 

properties. The combination of Bauhinia variegata stem bark extract, Oroxylum indicum, 

Tecomella undulate, and Indigofera tinctoria leaf extracts greatly lower mammary tumors in 

rats without causing toxicity. Commercial polyherbal formulations for cancer treatment will be 

developed after clinical trials [132]. 

8. Current Status of Polyherbal Formulation 

Detailed knowledge of phytoconstituents and their targets leads to the optimal 

polyherbal formulation, improving anti-cancer efficacy. Siddha, Ayurveda, and Unani systems 

have traditionally used polyherbal formulations for cancer treatment and other ailments. Many 

researchers have tested polyherbal formulations in vitro and in vivo against many forms of 

cancer (Table 2). Methanol extracts of Artemisia judaica aerial parts, Boswellia carterii resin, 

Commiphora myrrha resin, Peganum harmala seeds, and Saussurea lappa roots demonstrated 

anti-cancer activity in breast cancer cell lines (MCF-7) and MDA-MB 231, colon cancer cell 

line (LoVo) and liver cancer cell line (HepG2). It also has antioxidant properties and promotes 

apoptosis. The acute toxicity study found that while 2000 mg/kg (single dose) did not cause 

death, it did cause liver damage [131]. 

The hydroalcoholic extracts of five distinct herbal plants were discovered to have anti-

cancer action against cancer cell lines from the liver, prostate, and colon. In normal kidney and 

liver cell lines, it does not cause significant death [133]. The polyherbal formulation decoction 

contains the roots of Boerhavia diffusa, Crataeva nurvala root bark, and Zingiber officinale 

showed good anti-cancer activity against the MCF-7 breast cancer cell line. Normal breast cell 

lines showed no toxicity [134]. 

To develop a polyherbal mixture, ethanol extracts of Eclipta alba and Tinospora 

cordifolia were blended in an equal ratio and tested against breast (MCF-7) cancer cell line, 

liver (HepG2) cancer cell line, and lung cancer cell line (A549) [135]. Chloroform extract of 

Tecomella undulata stem bark, methanol extracts of Bauhinia variegata and Oroxylum indicum 

stem barks, and methanol extract of Indigofera tinctoria leaves were tested against colon 

(Caco-2) and breast (MCF-7) cancer cell lines in four different proportions (SJT ONC-1, SJT 

ONC-2, SJT ONC-3, and SJT ONC-4). SJT ONC-1 is (50 % Tecomella undulata, 17 % 
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Bauhinia variegata, 17 % Indigofera tinctoria& 16 % Oroxylum indicum) shown effective 

anticancer activity against both cell lines [132]. The HC9 polyherbal formulation consists of 

an equal ratio of ethanolic extracts of Cedrus deodara, Cissampelos pareira, Cyperus rotundus, 

Hemidesmus indicus, Holarrhena antidysenterica, Picrorhiza kurroa, Swertia chirata, 

Tinospora cordifolia, and Zingiber officinale found to have anti-cancer activity against breast 

cancer cell lines (MCF-7 & MDA-MB 231) [136]. 

Plant components from Vetiveria zizanioides, Trichosanthes cucumerina, and Mollugo 

cerviana were used to prepare polyherbal methanol extract that was tested and found to be 

effective against cervical (HeLa) and breast (MCF-7) cancer cell lines. The LC50 values for 

cervical and breast cancer cell lines were determined to be 467±2.9 µg/ml and >800 µg/ml, 

respectively [137]. Rosmarinus officinalis, Viola odorata flower, Vitis vinifera seeds, 

Trigonella foenum-graecum seeds, Cichorium intybus seeds, Commiphora myrrha resin, 

Lavandula multifida, and Pistacia lentiscus resin aqueous extract demonstrated anti-breast 

cancer action against MCF-7 and MDA-MB 231 cell lines. The IC50 values for MCF-7 and 

MDA-MB 231 breast cancer cell lines were reported to be 107 µg/ml and 89.5 µg/ml, 

respectively [138]. 

Table 2. Polyherbal formulation against certain cancer cell lines 

S.No. Polyherbal Formulation Parts Solvents Cancer Cell line Ref. 

1.  Artemisia judaica Aerial parts Methanol MCF-7 and MDA-MB 231 

(Breast cancer), LoVo 

(Colon cancer) & HepG2 
(Liver cancer) 

[131] 

Boswellia carterii 

Commiphora myrrha 

Resin 

 

Peganum harmala Seeds 

Saussurea lappa Roots 

2.  Boerhaavia diffusa L. Root Decoction MCF-7 (Breast cancer) [134] 

Crataeva nurvala Buch. 

Ham 

Root bark 

Zingiber officinale Rosc. Rhizome 

3.  Eclipta alba 

Tinospora cordifolia 

Aerial parts Ethanol MCF-7 (Breast cancer), 

HepG2 (Liver cancer), 

A549 (Lung cancer) & 

Vero cells 

[135] 

4.  Tecomella undulate 

Bauhinia variegata 
Oroxylum indicum 

Stem bark 

 

Chloroform 

Methanol 

Caco-2 (Colon cancer) & 

MCF-7 (Breast cancer) 

[132] 

Indigofera tinctoria Leaves 

5.  Cedrus deodara 

Cissampelos pareira 
Cyperus rotundus 

Hemidesmus indicus 

Holarrhena 

antidysenterica 
Picrorhiza kurroa 

Swertia chirata 

Tinospora cordifolia 

Zingiber officinale 

Whole 

plant / Parts 

Ethanol MCF-7 and MDA-MB 231 

(Breast cancer) 

[136] 

6.  Vetiveria zizanioides 

Trichosanthes cucumerina 
Mollugo cerviana 

Whole 

plant / Parts 

Methanol HeLa (Cervical cancer) 

and MCF-7 (Breast 
Cancer) 

[137] 

7.  Rosmarinus officinalis L. Whole 
plant 

Distilled 
Water 

MCF-7 and MDA-MB 231 
(Breast cancer) 

[138] 

Vitis vinifera 
Cichorium intybus 

Trigonella foenum-

graecum L. 

Seeds 
 

Lavandula multifida L. Whole 

plant 

Pistacia lentiscus 

Commiphora myrrha 

Resin 

 

Viola odorata Flower 
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9. Synergistic Activity of Polyherbal Formulation 

A combination of two or more herbs provides various active phytochemicals those act 

on cancer cells through multiple mechanisms, which shows enhanced anti-cancer activity than 

a single ingredient. Pharmacokinetics and pharmacodynamics are two synergistic mechanisms 

depending on interaction nature. The study of the herb's ability to facilitate the absorption, 

distribution, metabolism, and elimination of other herbal products is known as pharmacokinetic 

synergism. The study of the synergistic activity of active chemicals in herbal mixtures with the 

same pharmacological activity that acts on the same receptors is known as pharmacodynamics 

synergism [5]. Complex polyherbal mixtures can have various effects on the target, which aids 

in resistance building. One can make effective and safe herbal medications for cancer and other 

disorders by understanding the synergy between herbs [139]. Figure 4 depicts the polyherbal 

mixture's enhanced activity. 

 
Figure 4. Enhanced activity of polyherbal formulation. 

10. Conclusions 

Herbal components' potential anti-cancer properties have piqued interest to do research 

in recent years, as they can effectively reduce cancer growth while having fewer adverse 

effects. Irreversible side effects of conventional cancer treatments are a big hazard on par with 

cancer effects. Many researchers have been battling to develop the greatest herbal drug to 

replace chemical treatment with a more cost-effective one. Several medicinal plants have been 

discovered to have anti-cancer properties. Our review showed that 90 percent of 

phytoconstituents with anti-cancer action are aromatic. Anti-cancer action was mostly found 

in terpenoids and phenolic secondary metabolites. Artemisia absinthium and Psoralea 

corylifolia have effective anti-cancer phytoconstituents, mostly found in medicinal plants' 

Asteraceae and Fabaceae families. Each anti-cancer phytoconstituent works on a separate 

target to reduce or prevent cancer growth. Phytocompounds, in general, target a number of 

proteins involved in metabolic signaling pathways. The anti-cancer compounds disrupt 

signaling pathways such as the T Cell Receptor signaling pathway, the Toll-like signaling 

pathway, the PI3K-Akt signaling pathway, and the TGF-beta signaling pathway, which 
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influence angiogenesis immunity, apoptosis, and cell cycle arrest resulting in cancer cell 

growth inhibition. A single compound may target a single pathway. Still, poly compounds can 

target multiple pathways at once, and the biological activity of the compounds is enhanced due 

to synergistic effects among compounds. Recent studies have demonstrated the value of 

polyherbal formulations in treating cancer and other diseases. It reduces disease resistance 

development and boosts treatment activity via synergism because it acts on several targets 

simultaneously and demonstrates various therapy mechanisms for a single ailment. A single 

plant can provide a variety of health advantages, including the ability to heal and prevent 

diseases. Compared to a single herb, a polyherbal compounded medicine enhances the activity 

of the various herbs. As a result, with the right herbal combination and ratio, a commercially 

viable polyherbal compounded medicine for cancer treatment can be created.  
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